[Molecular mechanisms of neurotransmission].
Neurotransmission is regulated by neurotransmitters at the synapses in the neuronal circuits. Main neurotransmitters are classified into the groups of amino acids, amines, purines, peptides, and nitric oxide. In principle, neurotransmitters except peptides are synthesized in the presynaptic neuroterminals from the precursors by the synthesizing enzymes, stored in the synaptic vesicles, released by exocytosis into the synaptic cleft, combined with the postsynaptic membrane receptors, and induce a series of signal transduction to produce acute, short-term, or long-term physiological effects. Termination of the neurotransmission is carried out either by re-uptake into presynaptic nerve terminals through plasma membrane transporters and storage into synaptic vesicles through vesicular transporters or by degradation through metabolizing enzymes (acetylcholine and peptides). Almost all genes related to neurotransmitters have been cloned and the structures of the genes and the protein products have been characterized. Molecular mechanisms of neurotransmission have been elucidated by mouse molecular genetics such as transgenic or knockout mice. Over-expression of human tyrosine hydroxylase (TH). the rate-limiting enzyme of catecholamine synthesis, in transgenic mice (Kaneda et al, Neuron 6, 583-584, 1991) or conversion of norepinephrine neurons to epinephrine neurons (Kobayashi et al, Proc Natl Acad Sci USA 89, 1631-1635, 1992) does not significantly change the phenotype due to compensatory mechanisms such as receptor down-regulation. In contrast, TH (-/-) mutant mice die at perinatal period due to heart failure caused by norepinephrine deficiency in the sympathetic neurons (Kobayashi et al, J Biol Chem 270, 27235-27243, 1995). TH (+/-) mice show a partial decrease in norepinephrine and a modest memory impairment (Kobayashi et al, J Neurosci 20, 2418-2426, 2000). One problem with adult phenotype in transgenic or knockout mice is that mutations cause the confounding effect of the developmental compensation. Thus conditional knockout of a specific type of neurons at a definite time after birth is required. Immunotoxin mediated conditional cell targeting (IMCT) (Kobayashi et al, Proc Natl Acad Sci 92, 1132-1136, 1995) is a novel transgenic technique for elucidating the function of a neuron in a neuronal circuit. Human molecular genetics of genetic neurological diseases are also useful for elucidating molecular mechanisms of neurotransmission. Autosomal dominant dopa-responsive dystonia (DRD) (Segawa's disease) with mutations of GTP cyclohydrolase I (Ichinose et al, Nature Genet 8, 236-242, 1994) causes a partial decrease in dopamine in the nigrostriatal dopamine neurons and produces a dystonia phenotype (Segawa's syndrome). In contrast, autosomal recessive GTP cyclohydrolase I deficiency with complete loss of the enzyme activity produces deficiencies of dopamine, norepinephrine, and serotonin and complex phenotypes with severe neurological symptoms (Ichinose et al, J Biol Chem 270, 10062-10071, 1995).